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1
OPERATIONAL TRANSCONDUCTANCE
AMPLIFIER, OPERATIONAL
TRANSCONDUCTANCE
AMPLIFIER-CAPACITOR FILTER AND HIGH
ORDER RECONFIGURABLE ANALOG
FILTER

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 103101644, filed Jan. 16, 2014, the entirety of
which is herein incorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a reconfigurable high
order filter. More particularly, the present disclosure relates to
an operational transconductance amplifier comprised in a
high order filter.

2. Description of Related Art

Filter is a component widely used in electronic devices. A
sensing component of an electronic device detects a signal
from a natural environment or an organism, in which the
signal is usually mixed with other undesired signals or noises.
A filter is then utilized to remove the noises and acquire the
signal within a specific frequency range.

In the application of low-power consumption and high-
accuracy electronic devices such as portable or implantable
biomedical detecting apparatuses, the filters however still
need significant improvement in power consumption, accu-
racy and dynamic range.

SUMMARY

In one aspect, the present disclosure is related to an opera-
tional transconductance amplifier. The operational transcon-
ductance amplifier includes a fully-differential amplifying
circuit, a bias driving circuit, and a common mode feedback
circuit. The fully-differential amplifying circuit is configured
for receiving a differential input voltage and providing a
differential output voltage. The fully-differential amplifying
circuit includes a plurality of diffusor-differential-pair cir-
cuits. The bias driving circuit is configured for providing at
least one first bias current to drive the fully-difterential ampli-
fying circuit and adjust the transconductance of the transcon-
ductance amplifier. The common mode feedback circuit is
configured for stabilizing the differential output voltage.

In another aspect, the present disclosure is related to an
operational transconductance amplifier-capacitor (OTA-C)
filter. The operational transconductance amplifier-capacitor
filter includes a plurality of electrically connected operational
transconductance amplifiers and a plurality of capacitors.
Each of the operational transconductance amplifiers includes
a fully-differential amplifying circuit, a bias driving circuit
and a common mode feedback circuit. The fully-differential
amplifying circuit is configured for receiving a differential
input voltage and for providing a differential output voltage,
in which the fully-differential amplifying circuit includes a
plurality of diffusor-differential-pair circuits. The bias driv-
ing circuit is electrically connected with the fully-differential
amplifying circuit. The bias driving circuit is configured for
providing at least one first bias current to drive the fully-
differential amplifying circuit and adjust the transconduc-
tance of the operational transconductance amplifier. The
common mode feedback circuit is electrically connected with
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2

the fully-differential amplifying circuit. The common mode
feedback circuit is configured for stabilizing the differential
output voltage.

In still another aspect, the present disclosure is related to a
high order filter. The high order filter includes a plurality of
cascadable operational transconductance amplifier-capacitor
filters and a control module. Each of the operational transcon-
ductance amplifier-capacitor filters includes a plurality of
electrically connected operational transconductance amplifi-
ers and a plurality of capacitors, in which each of the opera-
tional transconductance amplifiers includes a fully-differen-
tial amplifying circuit, a bias driving circuit and a common
mode feedback circuit. The fully-differential amplifying cir-
cuit is configured for receiving a differential input voltage and
for providing a differential output voltage, in which the fully-
differential amplifying circuit includes a plurality of diffusor-
differential-pair circuits. The bias driving circuit is electri-
cally connected with the fully-differential amplifying circuit.
The bias driving circuit is configured for providing at least
one first bias current to drive the fully-differential amplifying
circuit and adjust the transconductance of the operational
transconductance amplifier. The common mode feedback cir-
cuit is electrically connected with the fully-difterential ampli-
fying circuit. The common mode feedback circuit is config-
ured for stabilizing the differential output voltage. The
control module is configured for con oiling the operational
transconductance amplifier-capacitor filters to be selectively
cascaded according to an external signal.

Compared with prior arts, in the present disclosure, by
deploying a plurality of diffusor-differential-pair circuits in
the operational transconductance amplifier, the linear range
of'the operational transconductance amplifier is significantly
improved. Consequently, the distortion of the outputted sig-
nals is reduced and the dynamic ranges of the operational
transconductance amplifiers and of the operational transcon-
ductance amplifier-capacitor filter consisting of the opera-
tional transconductance amplifiers herein are improved.
Moreover, by deploying the bias driving circuit and the com-
mon mode feedback circuit consisting of floating-gate tran-
sistors, the power consumed by the operational transconduc-
tance amplifier is reduced, and the bias driving current
provided in this manner is more precise. Consequently, the
performance of the operational transconductance amplifier-
capacitor filter consisting of the operational transconductance
amplifiers herein is improved. Also, the transconductance
value of the operational transconductance amplifier can be
adjusted by configuring the floating-gate transistors of the
bias driving circuit and of the common mode feedback cir-
cuit.

Furthermore, by utilizing a reconfigurable circuit, a high
order filter is realized by cascading a plurality of operational
transconductance amplifier-capacitor filters. In the proposed
high order filter, cascadable operational transconductance
amplifier-capacitor filters can be selected to be cascaded
according to practical needs. The operational transconduc-
tance amplifier-capacitor filters which are not selected to be
cascaded do not consume power, and each of the operational
transconductance amplifier-capacitor filters can comprise the
low power and high dynamic range operational transconduc-
tance amplifiers proposed in the present disclosure. By
adjusting the transconductance values of the operational
transconductance amplifiers, the output gain, the central fre-
quency and the quality factor of the operational transconduc-
tance amplifier-capacitor filters and of the abovementioned
high order filter can be adjusted accordingly.
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These and other features, aspects, and advantages of the
present disclosure will become better understood with refer-
ence to the following description and appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading the
following detailed description of the embodiment, with ref-
erence made to the accompanying drawings as follows:

FIG. 1 is a schematic diagram of a block diagram of an
operational transconductance amplifier-capacitor (OTA-C)
filter in accordance with one embodiment of the present dis-
closure;

FIG. 2 is a schematic diagram of a block diagram of an
operational transconductance amplifier-capacitor filter in
accordance with one embodiment of the present disclosure;

FIG. 3 is a circuit diagram of an operational transconduc-
tance amplifier in accordance with one embodiment of the
present disclosure;

FIG. 4 is a circuit diagram of an operational transconduc-
tance amplifier in accordance with one embodiment of the
present disclosure;

FIG. 5 is a circuit diagram of an operational transconduc-
tance amplifier in accordance with one embodiment of the
present disclosure;

FIG. 6 is a circuit diagram of an operational transconduc-
tance amplifier in accordance with one embodiment of the
present disclosure; and

FIG. 7 is a block diagram of a high order filter in accor-
dance with one embodiment of the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

In the following description and claims, the terms
“coupled” and “connected”, along with their derivatives, may
be used. In particular embodiments, “connected” and
“coupled” may be used to indicate that two or more elements
are in direct physical or electrical contact with each other, or
may also mean that two or more elements may be in indirect
contact with each other. “Coupled” and “connected” may still
be used to indicate that two or more elements cooperate or
interact with each other.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising”, or “includes” and/or “including” or “has” and/or
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“having” whenused in this specification, specify the presence
of stated features, regions, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, regions, integers,
steps, operations, elements, components, and/or groups
thereof.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
present invention.

Reference is made first to FIG. 1. FIG. 1 is a block diagram
of an operational transconductance amplifier-capacitor
(OTA-C) filter 100 in accordance with one embodiment of the
present disclosure.

The operational transconductance amplifier-capacitor fil-
ter 100 includes four electrically connected operational
transconductance amplifiers 110, 112, 114, 116, and four
capacitors C1, C2, C3, C4. The operational transconductance
amplifier 110 is configured for receiving a differential input
voltage V,* and V,”, and for providing a differential voltage to
the operational transconductance amplifier 112. The opera-
tional transconductance amplifier 112 is configured for
receiving the differential voltage outputted by the operational
transconductance amplifier 110, and for providing a differen-
tial voltage to the operational transconductance amplifier
114. As illustrated in FIG. 1, feedback routes are deployed
between the output nodes and the input nodes of the opera-
tional transconductance amplifier 112, and the output nodes
of'the operational transconductance amplifier 112 are electri-
cally connected with the capacitors C1 and C2. The opera-
tional transconductance amplifier 114 is configured for
receiving the differential voltage outputted by the operational
transconductance amplifier 112, and for providing a differen-
tial voltage to the operational transconductance amplifier
116. The output nodes of the operational transconductance
amplifier 114 are electrically connected with the capacitors
C3 and C4. The operational transconductance amplifier 116 is
configured for receiving the differential voltage outputted by
the operational transconductance amplifier 114, and for pro-
viding a differential output voltageV *and V ~. Asillustrated
in FIG. 1, feedback routes are deployed between the output
nodes of the operational transconductance amplifier 116 and
the input nodes of the operational transconductance amplifier
114.

The operational transconductance amplifier 110 is config-
ured for providing output gain for the operational transcon-
ductance amplifier-capacitor filter 100. The operational
transconductance amplifiers 112, 114 and 116 are configured
for determining the central frequency and the bandwidth of
the operational transconductance amplifier-capacitor filter
100. In the present embodiment, the transconductance of the
operational transconductance amplifiers 110, 112, 114 and
116 can be adjusted to change the output gain, the central
frequency and the bandwidth of the operational transconduc-
tance amplifier-capacitor filter 100 according to practical
needs.

It is noted that the number of the operational transconduc-
tance amplifiers deployed in the operational transconduc-
tance amplifier-capacitor filter 100 is not limited to four. FIG.
1 is a diagram for illustration, and the present disclosure is not
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limited thereto. As another example, the operational
transconductance amplifier 110 can be omitted if the output
gain of the operational transconductance amplifier-capacitor
filter 100 is not required to be adjusted.

In the present embodiment, the operational transconduc-
tance amplifier-capacitor filter 100 is a bandpass filter. How-
ever, the waveform of the outputted signal can be changed by
changing the output nodes of the differential output voltage
(please refer to the following paragraph and FIG. 2).

Reference is made also to FIG. 2. FIG. 2 is a block diagram
of an operational transconductance amplifier-capacitor filter
100a in accordance with one embodiment of the present
disclosure. Comparing with the operational transconductance
amplifier-capacitor filter 100 illustrated in FIG. 1, the differ-
ential output voltage V,* and V, in this embodiment is pro-
vided by the operational transconductance amplifier 114.
Consequently, the operational transconductance amplifier-
capacitor filter 100a is realized as a lowpass filter.

Additional reference is made to FIG. 3. FIG. 3 is a circuit
diagram of an operational transconductance amplifier 117 in
accordance with one embodiment of the present disclosure.
The operational transconductance amplifier 117 can be
applied in the operational transconductance amplifier 110,
112, 114 or 116 illustrated in FIG. 1 and FIG. 2.

The operational transconductance amplifier 117 includes a
fully-differential amplifying circuit 120aq, a bias driving cir-
cuit 122, and a common mode feedback circuit 123.

The bias driving circuit 122 is electrically connected with
the fully-differential amplifying circuit 120. The bias driving
circuit 122 is configured for providing at least one first bias
current I, to drive the fully-differential amplifying circuit
120a, in which the first bias current I, can be adjusted such
that the transconductance of the transconductance amplifier
117 changes accordingly.

The fully-difterential amplifying circuit 120q is configured
for receiving a differential input voltage V,* and V,”, and for
providing a differential output voltage V,* and V. The
fully-differential amplifying circuit 120a can selectively
includes a differential-pair circuit 128.

The differential-pair circuit 128 includes a differential-pair
unit 1284, in which the differential-pair unit 128« includes
PMOS transistors 130 and 132.

The gates of the PMOS transistor 130 and of the PMOS
transistor 132 are configured for receiving the differential
input voltage V,* and V,”, respectively. The drains of the
PMOS transistor 130 and of the PMOS transistor 132 are
configured for providing the differential output voltage V ~
and V_*, respectively. The sources of the PMOS transistor
130 and of the PMOS transistor 132 are configured for receiv-
ing the first bias current I,,,.

It has to be explained that the differential-pair circuit 128 is
selectively deployed in the fully-differential amplifying cir-
cuit 120q. The differential-pair circuit 128 is configured for
improving the linear range of the transconductance amplifier
117. Persons skilled in the art can omit the deployment of the
differential-pair circuit 128 according to practical needs.

The fully-differential amplifying circuit 120a further
includes three diffusor-differential-pair circuits 125, 126 and
127. The diffusor-differential-pair circuit 125 includes a dif-
fusor-differential-pair unit 125a.

The diffusor-differential-pair unit 1254 includes diffusor-
pair units 140, 144, and a differential-pair unit (PMOS tran-
sistors 138 and 142).

Each of the diffusor-pair units 140 and 144 includes two
PMOS transistors, in which the sources of the PMOS transis-
tors are electrically connected, and the drains of the PMOS
transistors are electrically connected.
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As the connection relationships illustrated in FIG. 3, the
gates of the PMOS transistors in the diffusor-pair units 140
and 144 are configured for receiving the differential input
voltage V,* and V", and are electrically connected with the
gates of the PMOS transistors 130 and 132 in the differential-
pair circuit 128. The sources of the PMOS transistors in the
diffusor-pair units 140 and 144 are configured for receiving
the first bias current I, and are electrically connected with
the sources of the PMOS transistors 130 and 132 in the
differential-pair circuit 128.

As the connection relationships illustrated in FIG. 3, the
gates of the PMOS transistors 138 and 142 are configured for
receiving the differential input voltage V,* and V,”, and are
electrically connected with the gates of the PMOS transistors
in the diffusor-pair units 140 and 144, and with the gates of the
PMOS transistors 130 and 132.

The sources of the PMOS transistors 138 and 142 are
electrically connected with the drains the PMOS transistors in
the diffusor-pair units 140 and 144, respectively. The drains
of the PMOS transistors 138 and 142 are configured for
providing the differential output voltage V,” and V_*, and are
electrically connected with the drains of the PMOS transis-
tors 130 and 132, respectively.

The elements and connection relationships in the diffusor-
differential-pair circuits 126 and 127 are as illustrated in FIG.
3, which are similar to the elements and connection relation-
ships in the diffusor-differential-pair circuit 125 and hence
are not described again herein.

The common mode feedback circuit 123 is electrically
connected with the fully-differential amplifying circuit 120a.
The common mode feedback circuit 123 is configured for
stabilizing the differential output voltage V *and V_~, so that
the transistors in the fully-differential amplifying circuit 120a
work stably within preferred operation regions.

Reference is now made to FIG. 4. FIG. 4 is a circuit dia-
gram of an operational transconductance amplifier 118 in
accordance with one embodiment of the present disclosure.
The operational transconductance amplifier 118 can be
applied in the operational transconductance amplifier 110,
112, 114 or 116 illustrated in FIG. 1 and FIG. 2.

The operational transconductance amplifier 118 includes
fully-difterential amplifying circuit 120, a bias driving circuit
122, and a common mode feedback circuit 124.

The bias driving circuit 122 is electrically connected with
the fully-differential amplifying circuit 120. The bias driving
circuit 122 is configured for providing at least one first bias
current I, to drive the fully-differential amplifying circuit
120, in which the first bias current I,; can be adjusted such
that the transconductance of the operational transconduc-
tance amplifier 118 changes accordingly.

The fully-differential amplifying circuit 120 is configured
for receiving a differential input voltage V,* and V,™, and for
providing a differential output voltage V_* and V_~. The
fully-differential amplifying circuit 120 can selectively
includes a differential-pair circuit 228.

The differential-pair circuit 228 includes two cascode dif-
ferential-pair units 128a and 1284, in which the differential-
pair unit 128a is as illustrated in the embodiment shown in
FIG. 3 and hence is not described again herein. The differen-
tial-pair unit 1285 includes NMOS transistors 134 and 136.

The gates of the NMOS transistor 134 and of the NMOS
transistor 136 are configured for receiving the differential
input voltage V,* and V,, respectively. The drains of the
NMOS transistor 134 and of the NMOS transistor 136 are
configured for providing the differential output voltage V=
and V", respectively. The sources of the NMOS transistor
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134 and of the NMOS transistor 136 are configured for pro-
viding the second bias current I .

It has to be explained that the differential-pair circuit 228 is
selectively deployed in the fully-differential amplifying cir-
cuit 120. The differential-pair circuit 228 is configured for
improving the linear range of the transconductance amplifier
118. Persons skilled in the art can omit the deployment of the
differential-pair circuit 228 according to practical needs.

The fully-differential amplifying circuit 120 further
includes three diffusor-differential-pair circuits 225, 226 and
227. The diffusor-differential-pair circuit 225 includes two
cascode diffusor-differential-pair units 125a¢ and 1254, in
which the diffusor-differential-pair units 125a is as illustrated
in the embodiment shown in FIG. 3 and hence is not described
again herein. The diffusor-differential-pairunit 12556 includes
diffusor-pair units 148, 152, and a differential-pair unit
(NMOS transistors 146 and 150).

Each of the diffusor-pair units 148 and 152 includes two
NMOS transistors, in which the sources of the NMOS tran-
sistors are electrically connected, and the drains of the NMOS
transistors are electrically connected.

As the connection relationships illustrated in FIG. 4, the
gates of the NMOS transistors in the diffusor-pair units 148
and 152 are configured for receiving the differential input
voltage V,* and V,”, and are electrically connected with the
gates of the NMOS transistors 134 and 136 in the differential-
pair circuit 228. The sources of the NMOS transistors in the
diffusor-pair units 148 and 152 are configured for outputting
the second bias current I,,, and are electrically connected
with the sources of the NMOS transistors 134 and 136 in the
differential-pair circuit 128.

As the connection relationships illustrated in FIG. 4, the
gates of the NMOS transistors 146 and 150 are configured for
receiving the differential input voltage V,* and V,”, and are
electrically connected with the gates of the NMOS transistors
in the diffusor-pair units 148 and 152, and with the gates of the
NMOS transistors 134 and 136.

The sources of the NMOS transistors 146 and 150 are
electrically connected with the drains of the NMOS transis-
tors in the diffusor-pair units 148 and 152, respectively. The
drains of the NMOS transistors 146 and 150 are configured
for providing the differential output voltage V,"and V_*, and
are electrically connected with the drains of the NMOS tran-
sistors 134 and 136, respectively.

The elements and connection relationships in the diffusor-
differential-pair circuits 226 and 227 are as illustrated in FIG.
4, which are similar to the elements and connection relation-
ships in the diffusor-differential-pair circuit 225 and hence
are not described again herein.

The common mode feedback circuit 124 is electrically
connected with the fully-differential amplifying circuit 120.
The common mode feedback circuit 124 is configured receiv-
ing the differential output voltage V,* and V,~, and for adjust-
ing the second bias current I, , according to the output voltage
V,*and V7, so that the second bias current I, , is equal to the
first bias current I,,. Consequently, the differential output
voltage V,* and V~ is stabilized and the transistors in the
fully-difterential amplifying circuit 120 work stably within
preferred operation regions.

The transconductance of the operational transconductance
amplifier 118 is determined by the first bias current I, pro-
vided by the bias driving circuit 122. When the first bias
current I, | increases, the transconductance of the operational
transconductance amplifier 118 increases accordingly. Every
operational transconductance amplifier has a maximum
transconductance value under a fixed bias driving current.
The linear range of an operational transconductance amplifier
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is defined herein as the range of input voltage values where
the difference between the actual transconductance values of
the output signals and the maximum transconductance value
is smaller or equal to 1% when different differential signals
are inputted into the operational transconductance amplifier.

A common drawback of conventional operational
transconductance amplifiers which are designed to work in
sub-threshold region is that the linear ranges are usually
small. Therefore, the outputted signals are distorted and the
dynamic ranges of the operational transconductance amplifi-
ers and of the operational transconductance amplifier-capaci-
tor filter consisting of the operational transconductance
amplifiers are poor. The linear range of the operational
transconductance amplifier 118 is significantly improved by
deploying the three diffusor-differential-pair circuits 225,
226 and 227.

The Linear Efficiency Factor (LEF) of an operational
transconductance amplifier is defined herein as:

1

LEF=——
LRX Coere”

in which LR is the linear range of the operational transcon-
ductance amplifier under a bias driving current I, and G, ...
is the maximum transconductance value of the operational
transconductance amplifier under a bias driving current with
current value I. Therefore, the lower the LEF of an operational
transconductance amplifier is, the more efficient the employ-
ment of the bias driving current in the operational transcon-
ductance amplifier is. The LEF of an operational transcon-
ductance amplifier can be regarded as an indicator for
evaluating the efficiency of the operational transconductance
amplifier. [tis shown on computer simulations that the LEF of
the operational transconductance amplifier 118 is smaller
than one tenth of the LEF of conventional operational
transconductance amplifiers which are not deployed with
diffusor-differential-pair circuits.

It is noted that the number of the diffusor-differential-pair
circuits deployed in the operational transconductance ampli-
fier 117 or 118 is not limited to three. The more the diffusor-
differential-pair circuits are deployed, the lower the LEF ofan
operational transconductance amplifier is.

In another embodiment of the present disclosure (not
depicted), the circuit structure of an operational transconduc-
tance amplifier is similar to the circuit structure of the opera-
tional transconductance amplifier 117, and the operational
transconductance amplifier is deployed with two diffusor-
differential-pair circuits. In still another embodiment of the
present disclosure (not depicted), the circuit structure of an
operational transconductance amplifier is similar to the cir-
cuit structure of the operational transconductance amplifier
118, and the operational transconductance amplifier is
deployed with four diffusor-differential-pair circuits.

It is noted that the location of the bias driving circuit 122
and the location of the common mode feedback circuit 124
can be exchanged. In another embodiment of the present
disclosure (not depicted), an operational transconductance
amplifier is employed with a bias driving circuit located under
a fully-differential amplifying circuit to provide a second bias
current I,, to drive the fully-differential amplifying circuit.
The operational transconductance amplifier is also employed
with a common mode feedback circuit located above the
fully-differential amplifying circuit to receive the differential
output voltage V" and V~, and to adjust a first bias current
1,, according to the output voltage V,* and V7, so that the
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first bias current I, is equal to the second bias current I,,.
Consequently, the differential output voltage V " and V_~ is
stabilized and the transistors in the fully-differential ampli-
fying circuit work stably within preferred operation regions.

Moreover, the deployment of the upper part of the fully-
differential amplifying circuit 120 illustrated in FIG. 4 (i.e.,
the fully-differential amplifying circuit 120a illustrated in
FIG. 3) can be omitted. In another embodiment of the present
disclosure (not depicted), the circuit structure of an opera-
tional transconductance amplifier is similar to the circuit
structure of the operational transconductance amplifier 118
illustrated in FIG. 4. The fully-differential amplifying circuit
of the operational transconductance amplifier comprises the
lower part of the fully-differential amplifying circuit 120 (i.e.,
the fully-differential amplifying circuit comprises NMOS
transistors). In this embodiment, the operational transconduc-
tance amplifier is employed with a bias driving circuit located
under the fully-differential amplifying circuit comprising
NMOS transistors to provide a second bias current [, to drive
the fully-differential amplifying circuit. The operational
transconductance amplifier is also employed with a common
mode feedback circuit located above the fully-differential
amplifying circuit comprising NMOS transistors to receive
the differential output voltage V,* and V,~, and to adjust a
first bias current according to the output voltage V_ *and V-,
so that the first bias current I, is equal to the second bias
current I,,. Consequently, the differential output voltage V_*
and V~ is stabilized and the transistors in the fully-differen-
tial amplifying circuit work stably within preferred operation
regions.

Reference is further made to FIG. 5. FIG. 5 is a circuit
diagram of an operational transconductance amplifier 117«
similar to the operational transconductance amplifier 117
illustrated in FIG. 3 in accordance with one embodiment of
the present disclosure. The operational transconductance
amplifier 117a can be applied in the operational transconduc-
tance amplifier 110, 112, 114 or 116 illustrated in FIG. 1 and
FIG. 2.

The operational transconductance amplifier 117« includes
fully-differential amplifying circuit 120q as illustrated in
FIG. 3, a bias driving circuit 122¢ and a common mode
feedback circuit 123a.

The bias driving circuit 122a of the operational transcon-
ductance amplifier 117a includes a PMOS floating-gate tran-
sistor 160. The PMOS floating-gate transistor 160 includes a
coupling capacitor C5 and a transistor M1. By adjusting the
electrical charges stored in the coupling capacitor C5 of the
PMOS floating-gate transistor 160, the floating-gate voltage
level V,, of the transistor M1 changes accordingly. Conse-
quently, the first bias current I, changes accordingly, and the
transconductance value of the operational transconductance
amplifier 117a is adjusted.

Compared with conventional bias driving circuits which
require reference current sources, in the present disclosure,
by utilizing the PMOS floating-gate transistor 160, the cur-
rents consumed by the reference current sources in conven-
tional bias driving circuits can be saved. Also, by adjusting the
electrical charges stored in the coupling capacitor C5 of the
PMOS floating-gate transistor 160 to change the floating-gate
voltage level V | of the transistor M1 and the first bias current
1,,, the flexibility and accuracy are better than conventional
bias driving circuits.

The common mode feedback circuit 123a of the opera-
tional transconductance amplifier 117¢ includes NMOS
floating-gate transistors 161 and 162. The NMOS floating-
gate transistor 161 includes a coupling capacitor C6 and a
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transistor M2. The NMOS floating-gate transistor 162
includes a coupling capacitor C7 and a transistor M3.

By adjusting the electrical charges stored in the coupling
capacitors C6 and C7 according to the differential output
voltageV,,*and V7, the floating-gate voltage level V., of the
transistor M2 and the floating-gate voltage level V., of the
transistor M3 changes accordingly. Consequently, the DC
voltage level of the differential output voltage V,* and V_~
changes accordingly, so that the differential output voltage
V,* and V_ is stabilized, and the transistors of the fully-
differential amplifying circuit 120a work stably within pre-
ferred operation regions.

Compared with conventional common mode feedback cir-
cuits, in the present disclosure, by utilizing the NMOS float-
ing-gate transistors 161 and 162, additional power consumed
by conventional common mode feedback circuits is reduced.

Reference is now made to FIG. 6. FIG. 6 is a circuit dia-
gram of an operational transconductance amplifier 118a simi-
lar to the operational transconductance amplifier 118 illus-
trated in FIG. 4 in accordance with one embodiment of the
present disclosure. The operational transconductance ampli-
fier 118a can be applied in the operational transconductance
amplifier 110, 112, 114 or 116 illustrated in FIG. 1 and FIG.
2.

The operational transconductance amplifier 118a includes
a fully-differential amplifying circuit 120 as illustrated in
FIG. 4, a bias driving circuit 122¢ and a common mode
feedback circuit 124a. The bias driving circuit 1224 is shown
in the embodiment illustrated in FIG. 5, and hence is not
described again herein.

The common mode feedback circuit 124a of the opera-
tional transconductance amplifier 1184 includes NMOS
floating-gate transistor 163. The NMOS floating-gate transis-
tor 163 includes coupling capacitors C8 C9, and a transistor
M4. By adjusting the electrical charges stored in the coupling
capacitors C8 and C9 of the NMOS floating-gate transistor
163 according to the differential output voltage V,* and V ~,
the floating-gate voltage level V., of the transistor M4
changes accordingly. Consequently, the second bias current
1,, changes accordingly, so that the current values of I, and
1,, are set to be equal and hence the differential output voltage
V, *and V" is stabilized. Consequently, the transistors of the
fully-differential amplifying circuit 120 cork stably within
preferred operation regions.

Compared with conventional common mode feedback cir-
cuits, in the present disclosure, by utilizing the NMOS float-
ing-gate transistor 163, additional power consumed by con-
ventional common mode feedback circuits is reduced.

It is noted that in FIG. 6, the location of the bias driving
circuit 122a and the location of the common mode feedback
circuit 124a can be exchanged. In another embodiment of the
present disclosure (not depicted), an operational transcon-
ductance amplifier is employed with a bias driving circuit
which comprises a NMOS floating-gate transistor, and is
located under a fully-differential amplifying circuit to pro-
vide a second bias current Ib2 to drive the fully-differential
amplifying circuit. The operational transconductance ampli-
fier is also employed with a common mode feedback circuit
which comprises a PMOS floating-gate transistor, and is
located above the fully-differential amplifying circuit to
receive the differential output voltage V_* and V_~, and to
adjust a first bias current I, according to the output voltage
V,*and V7, so that the first bias current I, is equal to the
second bias current I, ,. Consequently, the differential output
voltage V,* and V~ is stabilized and the transistors in the
fully-differential amplifying circuit work stably within pre-
ferred operation regions.
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Additional reference is also made to FIG. 7. FIG. 7 is a
block diagram of a high order filter 200 in accordance with
one embodiment of the present disclosure. The high order
filter 200 includes six cascadable operational transconduc-
tance amplifier-capacitor filters BQF0-BQFS. Each of the
operational transconductance amplifier-capacitor filters
BQF0-BQFS5 can be the operational transconductance ampli-
fier-capacitor filter 100 or 100¢ illustrated in FIG. 1 and FIG.
2. Input_p, Input_n, Input_p<0>-Input_p<5>, Input_n<0>-
Input_n<5> are nodes for inputting differential signals. Out-
put_p, Output_n, Output_p<0>-Output_p<5>, Out-
put_n<0-Output_n<5 are nodes for outputting differential
signals.

In the high order filter 200, the connection relationships
between the operational transconductance amplifier-capaci-
tor filters BQF0-BQFS5 are determined by the switch elements
illustrated in FIG. 7. For example, if the switch elements
s11-516 and s21-526 are closed, a high order filter comprising
cascaded operational transconductance amplifier-capacitor
filters BQF1 and BQF2 is realized. The high order filter
receives a differential input signal Input_p<1> and
Input_n<1>, and outputs a differential output signal
Input_p<2> and Input_n<2>.

The high order filter 200 further includes a control module
170. The control module 170 is configured for receiving an
external signal 180, and for controlling the switch elements
illustrated in FIG. 7 according to the external signal 180 to
adjust the connection relationships between the operational
transconductance amplifier-capacitor filters BQF0-BQFS5. In
an embodiment of the present disclosure, the external signal
180 is a system instruction, or comes from a memory.

In another embodiment of the present disclosure, each of
the operational transconductance amplifier-capacitor filters
BQF0-BQFS5 is the operational transconductance amplifier-
capacitor filter 100 as illustrated in FIG. 1, which comprises
four operational transconductance amplifiers 1184 as illus-
trated in FIG. 6. The control module 170 is further configured
for respectively configuring the operational transconductance
amplifiers 118a of the operational transconductance ampli-
fier-capacitor filters BQF0-BQF5 according to the external
signal 180. More specifically, the control module 170 is con-
figured for adjusting the electrical charges stored in the float-
ing gates of the PMOS floating-gate transistor 160 and of the
NMOS floating-gate transistor 163 to change the first bias
current I,; and the second bias current I,,, so that the
transconductance value of the operational transconductance
amplifiers 118a is adjusted. Consequently, the output gain,
the central frequency and the quality factor of the operational
transconductance amplifier-capacitor filters BQF0-BQF5
change accordingly.

In another embodiment of the present disclosure, a multi-
plexer is deployed in each of the operational transconduc-
tance amplifier-capacitor filters BQF0-BQFS. The multi-
plexer is configured for determining whether the differential
output voltage of each of the operational transconductance
amplifier-capacitor filters BQF0-BQF5 is provided by the
operational transconductance amplifier 116 as illustrated in
FIG. 1, or by the operational transconductance amplifier 114
as illustrated in FIG. 2. In other words, the multiplexer is
configured for determining each of the operational transcon-
ductance amplifier-capacitor filters BQF0-BQF5 to be a
bandpass filter or a lowpass filter.

In an embodiment of the present disclosure, the control
module 170 is further configured for determining each of the
operational transconductance amplifier-capacitor filters
BQF0-BQF5 to be a bandpass filter or a lowpass filter accord-
ing to the external signal 180.
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It is noted that the number of the operational transconduc-
tance amplifier-capacitor filters deployed in the high order
filter illustrated in FIG. 7 is not limited to six. Persons skilled
in the art can determine the number of the operational
transconductance  amplifier-capacitor filters deployed
according to practical needs. In an embodiment of the present
disclosure (not depicted), the structure of a high order filter is
similar to the structure of the high order filter illustrated in
FIG. 7. The high order filter in that embodiment includes nine
cascadable operational transconductance amplifier-capacitor
filters.

Compared with prior arts, in the present disclosure, by
deploying a plurality of diffusor-differential-pair circuits in
the operational transconductance amplifier, the linear range
of'the operational transconductance amplifier is significantly
improved. Consequently, the distortion of the outputted sig-
nals is reduced and the dynamic ranges of the operational
transconductance amplifiers and of the operational transcon-
ductance amplifier-capacitor filter consisting of the opera-
tional transconductance amplifiers herein are improved.
Moreover, by deploying the bias driving circuit and the com-
mon mode feedback circuit consisting of floating-gate tran-
sistors, the power consumed by the operational transconduc-
tance amplifier is reduced, and the bias driving current
provided in this manner is more precise. Consequently, the
performance of the operational transconductance amplifier-
capacitor filter consisting of the operational transconductance
amplifiers herein is improved. Also, the transconductance
value of the operational transconductance amplifier can be
adjusted by configuring the floating-gate transistors of the
bias driving circuit and of the common mode feedback cir-
cuit.

Furthermore, by utilizing a reconfigurable circuit, a high
order filter is realized by cascading a plurality of operational
transconductance amplifier-capacitor filters. In the proposed
high order filter, cascadable operational transconductance
amplifier-capacitor filters can be selected to be cascaded
according to practical needs. The operational transconduc-
tance amplifier-capacitor filters which are not selected to be
cascaded do not consume power, and each of the operational
transconductance amplifier-capacitor filters can comprise the
low power and high dynamic range operational transconduc-
tance amplifiers proposed in the present disclosure. By
adjusting the transconductance values of the operational
transconductance amplifiers, the output gain, the central fre-
quency and the quality factor of the operational transconduc-
tance amplifier-capacitor filters and of the abovementioned
high order filter can be adjusted accordingly.

Although the present disclosure has been described in con-
siderable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is intended
that the present disclosure cover modifications and variations
of this disclosure provided they fall within the scope of the
following claims.

What is claimed is:

1. An operational transconductance amplifier, comprising:

a fully-differential amplifying circuit, configured for

receiving a differential input voltage and for providing a
differential output voltage, the fully-differential ampli-
fying circuit comprising a plurality of diffusor-differen-
tial-pair circuits, wherein each of the diffusor-differen-
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tial-pair circuits comprises a first diffusor-differential-

pair unit, wherein the first diffusor-differential-pair unit

comprises:

a first diffusor-pair unit comprising a first PMOS tran-
sistor and a second PMOS transistor, wherein the
source of the first PMOS transistor is electrically con-
nected with the source of the second PMOS transistor,
and the drain of the first PMOS transistor is electri-
cally connected with the drain of the second PMOS
transistor;

a second diffusor-pair unit comprising a third PMOS
transistor and a fourth PMOS transistor, wherein the
source of the third PMOS ftransistor is electrically
connected with the source of the fourth PMOS tran-
sistor, and the drain of the third PMOS transistor is
electrically connected with the drain of the fourth
PMOS transistor; and

a first differential-pair unit electrically connected with
the first diffusor-pair unit and the second diffusor-pair
unit;

a bias driving circuit, electrically connected with the fully-
differential amplifying circuit, the bias driving circuit
being configured for providing at least one first bias
current to drive the fully-differential amplifying circuit
and adjust the transconductance of the operational
transconductance amplifier; and

a common mode feedback circuit, electrically connected
with the fully-differential amplifying circuit, the com-
mon mode feedback circuit being configured for stabi-
lizing the differential output voltage.

2. The operational transconductance amplifier of claim 1,
wherein the fully-difterential amplifying circuit further com-
prises a differential-pair circuit.

3. The operational transconductance amplifier of claim 1,
wherein the bias driving circuit comprises a first floating-gate
transistor, and the first floating-gate transistor is configured
for adjusting the first bias current.

4. The operational transconductance amplifier of claim 1,
wherein the common mode feedback circuit comprises a sec-
ond floating-gate transistor and a third floating-gate transis-
tor, and the second floating-gate transistor and the third float-
ing-gate transistor are configured for stabilizing the
differential output voltage.

5. The operational transconductance amplifier of claim 1,
wherein each of the diffusor-differential-pair circuits further
comprises a second diffusor-differential-pair unit, wherein
the second diffusor-differential-pair unit is cascode with the
first diffusor-differential-pair unit, and the second diftfusor-
differential-pair unit comprises:

a third diffusor-pair unit comprising a first NMOS transis-
tor and a second NMOS transistor, wherein the source of
the first NMOS transistor is electrically connected with
the source of the second NMOS transistor, and the drain
of the first NMOS transistor is electrically connected
with the drain of the second NMOS transistor;

a fourth diffusor-pair unit comprising a third NMOS tran-
sistor and a fourth NMOS transistor, wherein the source
of the third NMOS transistor is electrically connected
with the source of the fourth NMOS transistor, and the
drain of the third NMOS transistor is electrically con-
nected with the drain of the fourth NMOS transistor; and

a second differential-pair unit electrically connected with
the third diffusor-pair unit and the fourth diffusor-pair
unit; and

the common mode feedback circuit being further config-
ured for adjusting at least one second bias current of the
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fully-difterential amplifying circuit so that the differen-

tial output voltage is stabilized.

6. The operational transconductance amplifier of claim 5,
wherein the common mode feedback circuit comprises a
fourth floating-gate transistor, and the fourth floating-gate
transistor is configured for adjusting the second bias current.

7. An operational transconductance amplifier-capacitor
(OTA-C) filter comprising a plurality of electrically con-
nected operational transconductance amplifiers and a plural-
ity of capacitors, wherein each of the operational transcon-
ductance amplifiers comprises:

a fully-differential amplifying circuit, configured for
receiving a differential input voltage and for providing a
differential output voltage, the fully-differential ampli-
fying circuit comprising a plurality of diffusor-differen-
tial-pair circuits, wherein each of the diffusor-differen-
tial-pair circuits comprises a first diffusor-differential-
pair unit, wherein the first diffusor-difterential-pair unit
comprises:

a first diffusor-pair unit comprising a first PMOS tran-
sistor and a second PMOS transistor, wherein the
source of the first PMOS transistor is electrically con-
nected with the source of the second PMOS transistor,
and the drain of the first PMOS transistor is electri-
cally connected with the drain of the second PMOS
transistor;

a second diffusor-pair unit comprising a third PMOS
transistor and a fourth PMOS transistor, wherein the
source of the third PMOS transistor is electrically
connected with the source of the fourth PMOS tran-
sistor, and the drain of the third PMOS transistor is
electrically connected with the drain of the fourth
PMOS transistor; and

a first differential-pair unit electrically connected with
the first diffusor-pair unit and the second diffusor-pair
unit;

a bias driving circuit, electrically connected with the fully-
differential amplifying circuit, the bias driving circuit
being configured for providing at least one first bias
current to drive the fully-differential amplifying circuit
and adjust the transconductance of the operational
transconductance amplifier; and

a common mode feedback circuit, electrically connected
with the fully-differential amplifying circuit, the com-
mon mode feedback circuit being configured for stabi-
lizing the differential output voltage.

8. The operational transconductance amplifier-capacitor
filter of claim 7, wherein the fully-differential amplifying
circuit further comprises a differential-pair circuit.

9. The operational transconductance amplifier-capacitor
filter of claim 7, wherein the bias driving circuit comprises a
first floating-gate transistor, and the first floating-gate transis-
tor is configured for adjusting the first bias current.

10. The operational transconductance amplifier-capacitor
filter of claim 7, wherein the common mode feedback circuit
comprises a second floating-gate transistor and a third float-
ing-gate transistor, and the second floating-gate transistor and
the third floating-gate transistor are configured for stabilizing
the differential output voltage.

11. The operational transconductance amplifier-capacitor
filter of claim 7, wherein each of the diffusor-differential-pair
circuits further comprises a second diffusor-differential-pair
unit, wherein the second diffusor-differential-pair unit is cas-
code with the first diffusor-differential-pair unit, and the sec-
ond diffusor-differential-pair unit comprises:

a third diffusor-pair unit comprising a first NMOS transis-

tor and a second NMOS transistor, wherein the source of
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the first NMOS transistor is electrically connected with

the source of the second NMOS transistor, and the drain

of the first NMOS transistor is electrically connected
with the drain of the second NMOS transistor;

a fourth diffusor-pair unit comprising a third NMOS tran-
sistor and a fourth NMOS transistor, wherein the source
of the third NMOS transistor is electrically connected
with the source of the fourth NMOS transistor, and the
drain of the third NMOS transistor is electrically con-
nected with the drain of the fourth NMOS transistor; and

a second differential-pair unit electrically connected with
the third diffusor-pair unit and the fourth diffusor-pair
unit; and

the common mode feedback circuit being further config-
ured for adjusting at least one second bias current of the
fully-differential amplifying circuit so that the differen-
tial output voltage is stabilized.

12. The operational transconductance amplifier-capacitor
filter of claim 11, wherein the common mode feedback circuit
comprises a fourth floating-gate transistor, and the fourth
floating-gate transistor is configured for adjusting the second
bias current.

13. A high order filter comprises:

a plurality of cascadable operational transconductance
amplifier-capacitor filters, each of the operational
transconductance amplifier-capacitor filters comprising
a plurality of electrically connected operational
transconductance amplifiers and a plurality of capaci-
tors, wherein each of the operational transconductance
amplifiers comprises;

a fully-differential amplifying circuit, configured for
receiving a differential input voltage and for providing a
differential output voltage, the fully-differential ampli-
fying circuit comprising a plurality of diffusor-differen-
tial-pair circuits, wherein each of the diffusor-differen-
tial-pair circuits comprises a first diffusor-differential-
pair unit, wherein the first diffusor-differential-pair unit
comprises:

a first diffusor-pair unit comprising a first PMOS tran-
sistor and a second PMOS transistor, wherein the
source of the first PMOS transistor is electrically con-
nected with the source of the second PMOS transistor,
and the drain of the first PMOS transistor is electri-
cally connected with the drain of the second PMOS
transistor;

a second diffusor-pair unit comprising a third PMOS
transistor and a fourth PMOS transistor, wherein the
source of the third PMOS ftransistor is electrically
connected with the source of the fourth PMOS tran-
sistor, and the drain of the third PMOS transistor is
electrically connected with the drain of the fourth
PMOS transistor; and
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a first differential-pair unit electrically connected with
the first diffusor-pair unit and the second diffusor-pair
unit;

a bias driving circuit, electrically connected with the
fully-difterential amplifying circuit, the bias driving
circuit being configured for providing at least one first
bias current to drive the fully-differential amplitying
circuit and adjust the transconductance of the opera-
tional transconductance amplifier; and

acommon mode feedback circuit, electrically connected
with the fully-differential amplifying circuit, the
common mode feedback circuit being configured for
stabilizing the differential output voltage; and

a control module, configured for controlling the opera-
tional transconductance amplifier-capacitor filters to be
selectively cascaded according to an external signal.

14. The high order filter of claim 13, wherein the fully-
differential amplifying circuit further comprises a differen-
tial-pair circuit.

15. The high order filter of claim 13, wherein the bias
driving circuit comprises a first floating-gate transistor, and
the first floating-gate transistor is configured for adjusting the
first bias current.

16. The high order filter of claim 13, wherein the common
mode feedback circuit comprises a second floating-gate tran-
sistor and a third floating-gate transistor, and the second float-
ing-gate transistor and the third floating-gate transistor are
configured for stabilizing the differential output voltage.

17. The high order filter of claim 13, wherein each of the
diffusor-differential-pair circuits further comprises a second
diffusor-differential-pair unit, wherein the second diftfusor-
differential-pair unit is cascode with the first diffusor-difter-
ential-pair unit, and the second diffusor-differential-pair unit
comprises:

a third diffusor-pair unit comprising a first NMOS transis-
tor and a second NMOS transistor, wherein the source of
the first NMOS transistor is electrically connected with
the source of the second NMOS transistor, and the drain
of the first NMOS transistor is electrically connected
with the drain of the second NMOS transistor;

a fourth diffusor-pair unit comprising a third NMOS tran-
sistor and a fourth NMOS transistor, wherein the source
of the third NMOS transistor is electrically connected
with the source of the fourth NMOS transistor, and the
drain of the third NMOS transistor is electrically con-
nected with the drain of the fourth NMOS transistor; and

a second differential-pair unit electrically connected with
the third diffusor-pair unit and the fourth diffusor-pair
unit; and

the common mode feedback circuit being further config-
ured for adjusting at least one second bias current of the
fully-difterential amplifying circuit so that the differen-
tial output voltage is stabilized.
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